Debris impact on marine wildlife has become a major issue of concern. Mainy species have been identified as being threatened by collision, entanglement or ingestion of debris, generally plastics, which constitute the predominant part of the recorded marine debris. Assessing sensitive areas, where exposure to debris are high, is thus crucial, in particular for sea turtles which have been proposed as sentinels of debris levels for the Marine Strategy Framework Directive and for the Unep-MedPol convention. Our objective here was to assess sea turtle exposure to marine debris in the 3 metropolitan French fronts. Using aerial surveys performed in the Channel, the Atlantic and the Mediterranean regions in winter and summer 2011-2012, we evaluated exposure areas and magnitude in terms of spatial overlap, encounter probability and density of surrounding debris at various spatial scales. Major overlapping areas appeared in the Atlantic and Mediterranean fronts, concerning mostly the leatherback and the loggerhead turtles respectively. The probability for individuals to be in contact with debris (almost 100% of individuals within a radius of 2 km) and the density of debris surrounding individuals (up to 88 items within a radius of 10 km) were very high, whatever the considered spatial scale, especially in the Mediterranean region and during the summer season. The comparison of the observed mean debris density with random distribution suggested that turtles selected debris areas. This may occur if both debris and turtles drift to the same areas due to currents, if turtles meet debris accidentally by selecting high food concentration areas, and/or if turtles actively seek debris out, confounding them with their preys. Various factors such as species-specific foraging strategies or oceanic features which condition the passive diffusion of debris, and sea turtles in part, may explain spatio-temporal variations in sensitive areas. Further research on exposure to debris is urgently needed. Empirical data on sea turtles and debris distributions, such as those collected aerially, are essential to better identify the location and the factors determining risks. 
Introduction
Ubiquitous, anthropogenic debris are endangering marine ecosystems and the ecological services they provide (Derraik, 2002) . Plastics, mostly originating from land-based sources, constitute the predominant part of marine debris (Derraik, 2002 , Barnes et al., 2009 and Andrady, 2011 . Their resistance and lightness cause them to accumulate and diffuse in the marine environment (Andrady, 2011 and Ryan et al., 2009 ) and thus to threaten a wide range of taxa (Rochman et al., in press ).
Many species become entangled or collide with broad items, or ingest fragmented debris, either because they may confuse them with their prey, and/or because they may not discriminate them in their food bowl (Mrosovsky, 1981 and Laist, 1997) . Beyond direct mortality, debris more frequently trigger sub-lethal effects related to habitat loss, alteration of movements, decreased absorption of nutrients or disruption of the endocrine system due to consumption of leached toxic substances. All of these impacts may decrease individual chances of survival and reproduction, and possibly disrupt the entire food chain (Derraik, 2002 and Gregory, 2009 ).
The number of species identified to be impacted by marine debris is increasing: 267 species were listed in 1997 (Laist 1997) . Now more than 600 species are known to be affected (Secretariat of the Convention on Biological Diversity and the Scientific and Technical Advisory Panel-GEF, 2012), including marine bird species (van Franeker et al., 2011) , fish (Boerger et al., 2010 ) and cetaceans (de Stefanis et al., 2013) . All seven sea turtle species, six of which are listed by the IUCN as threatened (The IUCN Red List of Threatened Species version 2015-4), are also concerned (Schuyler et al., 2014a and Nelms et al., 2015) . Entanglement of sea turtles in macro-debris or fishing gear is a major and pressing issue of concern (Gregory, 2009; Wilcox et al., 2013; Vegter et al., 2014 and Nelms et al., 2015) . Cases of ingestion have been more widely studied, particularly in the loggerhead turtle Caretta caretta (Nelms et al., 2015) . It has been shown that very small pieces of debris can result in the death of individuals (Bugoni et al., 2001 and Santos et al., 2015) .
Otherwise, debris can accumulate in the digestive tract for several months (Lutz, 1990) and may lead to malnutrition, affected buoyancy and diminished swimming capacities, or to other chronic effects depending on the species' foraging strategy or on debris characteristics (Schuyler et al., 2014a and Nelms et al. 2015) . These effects decrease turtles' chances to feed, or avoid predators or interactions with anthropogenic activities, and may have potential demographic consequences (Schuyler et al., 2014a and Nelms et al., 2015) .
Marine animals which are exposed to floating debris can also be used as environmental sentinels, e.g. in the fulmar Fulmarus glacialis, the digestive content is used as an indicator of regional plastic pollution for the Convention for the Protection of the Marine Environment of the North-East Atlantic (The OSPAR convention), which aims to take all measures to protect the maritime area against pollution in the North-East Atlantic region (van Franeker et al., 2011) . The complex life history of sea turtles leads them to use a wide range of habitats and marine compartments during their ontogenetic development, increasing their potential exposure to marine debris Putman, 2013 and Casale et al., 2007) . Being widely distributed in the Mediterranean Sea and the European Atlantic Ocean and being prone to ingest debris, make them possible indicators of debris levels in surface and shallow waters at a large spatial scale. For these reasons, debris ingestion by Caretta caretta, which is higher in the Mediterranean compared to the Atlantic and the Pacific oceans (Tòmas et al., 2002 , Dell'Amico and Gambaiani, 2013 and Camedda et al., 2014 , was proposed as an indicator of marine debris levels ashore or at sea for monitoring the Good Environmental Status (GES) as defined by the Descriptor 10 ("Marine Litter") of the Marine Strategy Framework Directive (MSFD) ("indicator 10.2.1", Galgani et al., 2013) and the UnepMedPol convention ("indicator El 18"). In order to establish conservation measures for the protection of sea turtles and consider them as sentinels of their environment, identifying the sensitive areas where sea turtles are exposed to debris and where they thus risk to ingest them or to be entangled, is thus crucial.
Plastic is known to accumulate in ocean gyres, as in the so-called "ocean garbage patches" of the 5 Atlantic and Pacific (Moore et al., 2001 , Law et al., 2010 , Ryan, 2014 . Dense human population accentuates pollution in the European waters, and the configuration of the Mediterranean Sea causes this area to be one of the most polluted worldwide (Cózar et al., 2015 and Suaria and Aliani, 2015) . Necropsies or observations of the faeces of live individuals performed in the last decade showed inter and intra-regional variations in debris ingestion by sea turtles (Gambaiani and Dell'Amico, 2013 , Darmon et al., 2014 , Nelms et al., 2015 . For example, within the Mediterranean Sea, the occurrence of loggerhead turtles having ingested debris in the North Western Mediterranean area varies from less than 15 % in Sardinia (Camedda et al., 2014) to more than 70 % in Tuscany (Campani et al., 2013) and almost 80 % in Spain (Tòmas et al., 2002) . This suggests that the chance to encounter debris is not random and diffuse but rather concentrated in specific high risk areas (i.e. where the probability for sea turtles to be exposed to debris is higher). These high risk areas may be related to regional hydrological characteristics due to the convergence of currents and downwellings. They appear to be preferential foraging areas for sea turtles but also areas in which floating debris accumulate (Witherington et al., 2012 and Cózar et al., 2014) . As sea turtles are obligate air-breathers, they most likely occupy the surface waters, where they may actually encounter floating debris.
Our objective here is to assess where sensitive areas are situated and to evaluate the exposure of sea turtles to marine debris in the metropolitan French Mediterranean and Atlantic (the Channel, the Brittany and the Bay of Biscay) waters. Studies aiming to identify hazard areas, where turtles are likely to interact with debris, have recently been highlighted as crucial (Nelms et al., 2015) . Such studies are only emerging, possibly because they require combined data, both on animal and debris spatial distributions, which may require heavy technologies for data collection on large spatial scales. Authors have generally used simulation-based approaches established from data on species and debris spatial distributions or debris ingestion found in literature (Schuyler et al., 2015 and Wilcox et al., 2015) , but rarely real data. Empirical data collected by ship and aerial surveys may 6 yet provide valuable information in order to evaluate and locate sensitive zones, by targeting the areas where turtles and debris spatially overlap. In this study, we explore data collected during the Marine Megafauna Aerial Survey (SAMM) campaign carried out in winter and summer [2011] [2012] on the 3 fronts of the French metropolitan maritime domain, during which sea turtles and marine debris were recorded (Pettex et al., 2014) . We evaluated (i) debris and sea turtle spatial distributions and overlap, (ii) the probability of sea turtles to be exposed to debris and (iii) the quantity of debris surrounding them at close distances, i.e. where they may be susceptible to be in contact with, and thus ingest, collide or be entangled with debris. Sea turtles may select debris concentration areas, either directly if, for example they confound them with prey (Schuyler et al., 2014b) , or indirectly, if debris drift into their displacement routes or are enmeshed within their food (Witherington et al., 2012) . In order to examine this hypothesis, we tested (iv) if the observed degree of exposure was similar to a theoretical degree of exposure found with a random distribution of debris.
Material and methods

Study area and data collection
The study area included the 3 fronts of the metropolitan French Exclusive Economic Zone (the along linear transects covering the entire zone. In order to take into account the influence of bathymetry on visibility, the transects were homogeneously distributed in zigzag over 4 strata (Figure 1 ): the "coastline strata", extending from the coastline to the neritic area, covering 12 nautical miles; the "neritic strata" from the coastline to the 200 m isobath, corresponding to the continental shelf; the "continental slope strata" from the 200 m to the 2 km isobaths; the "oceanic strata" beyond the 2 km isobath, which includes abyssal plains. Three regions were differentiated:
The Channel region, as part of the Greater North Sea, which comprises the entire North front as far Weather can also affect detection, however sea-state was generally less than 4 Beaufort (91 %) and subjective conditions estimated "good" for at least one of both sides. Turtles with and without keratinized scut were differentiated between the Cheloniidae and Dermochelyidae families, the first corresponding to the most frequent species in the mainland French waters to the loggerhead turtle Caretta caretta and the green turtle Chelonia mydas (Oliver, 2014) , and the second category to the leatherback turtle Dermochelys coriacea. Data on marine debris were collected following a strip transect methodology, in which all objects above 30 cm in size that were sighted in a 200 m wide strip on both sides of the plane were recorded. The marine debris were 8 differentiated into macrodebris, such as plastics, wooden pallets and various other types of debris (further noted "macrodebris"), and fishing debris which include fishing nets, buoys or boxes for example (further noted "fishing debris"). For each observation, the number of turtle individuals or debris items and their location in decimal degrees were recorded.
Statistical analyses
We considered that the study area was homogeneously sampled, detection was homogeneous in the area, and detection effort was comparable for both marine debris and sea turtles. Because our aim was to explore the interaction of turtles with debris, and not to develop models (e.g. on potentially suitable habitat for turtles), we examined only the "true" locations as noted by observers, for which we converted the coordinates from decimal degrees into metrics (i.e. Lambert 93).
All the analyses were performed separately for each of the 3 regions (Channel, Atlantic, Mediterranean) and for both seasons (winter, summer), by using the software R version 3.1.0 (R core team 2013), with the libraries adehabitatHR (Calenge et al., 2006) , MASS (Venables and Ripley, 2002) , rgdal (Keitt et al., 2013) and sp (Pebesma and Bivand, 2005) .
Evaluating spatial distribution of sea turtles, marine debris and their overlap
We evaluated the marine debris and the sea turtles' spatial distributions using 95% and 10%
Kernel density estimations. Following Kie (2013) , we chose the smoothing parameter h by comparing the shape of the distribution obtained with the ad hoc method (Worton, 1989) with the distributions obtained by decreasing/increasing h progressively by 10 % and selected it visually.
The value of h which fitted the data best corresponded to the most uniform distribution, without fragmentation. In order to evaluate the probability of debris occurrence in the areas occupied by the turtles, the overlap was estimated between the marine debris and the sea turtles' distributions as the volume under the debris 95% Kernel utilization distribution that was inside the turtle 95% Kernel 9 utilization distribution.
Quantifying exposure of sea turtles to marine debris
Evaluating exposure level of sea turtles to marine debris
In order to evaluate the degree of exposure of sea turtles to marine debris at various spatial scales, we calculated the linear distance between each turtle and each debris location. We calculated the number of locations in distance classes from each turtle, from 50 m to 10 km every 50 m, which we multiplied by the number of debris items observed at the corresponding debris locations in order to take into account the actual abundance of debris observed around the turtle. Based on this result, we calculated (i) the frequency of turtles being surrounded by debris by counting the number of turtles with debris out of the total number of turtles at each distance class considered, and (ii) the mean number of surrounding debris per turtle for each distance class.
Testing sea turtles' selection for marine debris areas
To assess whether the observed quantity of debris surrounding turtles may have occurred by chance or identify if, on the contrary, turtles may avoid/select areas with debris, we tested if the observed exposure was similar to what would be obtained with a random distribution of marine debris. We constructed a null distribution by randomizing the same number of debris locations and assigning the observed abundances to them randomly, while leaving the turtles' locations fixed. We repeated this procedure 100 times. We subsequently calculated the mean exposure of turtles to the randomized debris per distance class, in the same way as presented here-above.
To evaluate the magnitude of the difference between the observed and the theoretical exposure acquired with the 100 random distributions of debris, we calculated, for each distance class, the 
Results
Summary of the collected data
Among the 27,907 recorded locations (7,950 observations in winter and 19,957 in summer), 469
were locations with at least 1 turtle (382 Cheloniidae (81.45 % of turtle locations) and 87
Dermochelyidae (18.55 %)) and 27,438 were locations with at least 1 item of debris (710 items of fishing debris, that is 2.59 % of debris locations, and 26,728 items of macrodebris (97.41 %). Most of turtles were recorded in summer, essentially Cheloniidae in the Mediterranean (332 individuals in summer) and Dermochelyidae in the Atlantic (74 individuals in summer), and all locations corresponded generally to 1 individual (Table 1A ). There are also many more debris in summer compared to winter. Although there were more fishing debris in the Channel region compared to the two other regions in summer, most of the debris were macrodebris and were recorded in the Atlantic and the Mediterranean regions, which, relatively to the prospected surface (65 % smaller than Atlantic), constituted the most polluted area (Table 1B) .
Spatial distribution of sea turtles, marine debris and their overlap
Whatever the region and the season, the value of h obtained with the ad hoc method was the one which fitted the best both the debris and the turtles' spatial distributions (values given in Table 2 ).
The average spatial distributions (Kernel 95%) of debris and sea turtles covered almost all the study area, over more than 200,000 km² in the Mediterranean and the Atlantic regions during both seasons 
Levels of turtle exposure to debris
High probability of encounter between turtles and debris
The probability of spatial interaction between debris and turtles was high in all regions and stronger during summer. The probability to find debris in turtle spatial distribution (Kernel 95%) was 0.89 in summer and 0.71 in winter in the Mediterranean region, 0.71 in summer and 0.7 in winter in the Atlantic region, 0.93 in summer in the Channel region (as no turtle was observed in the Channel region in winter, no interaction with debris was recorded). Inversely, the probability to find a turtle in debris spatial distribution was 0.93 in summer and 0.96 in winter in the Mediterranean region, 0.95 in summer and 0.66 in winter in the Atlantic, and 0.24 in summer in the Channel region (Table 2) .
Exposure levels
High probability that individuals have debris around them
The frequency of individuals surrounded by debris varied from 0 to almost 100 % depending on the region, the season and the distance (Figure 3 ) (from 5.86% at 50 m to 99.07% at 10 km in the Mediterranean region; from 8.11 to 98.65% in the Atlantic region; from 0 to 100% in the Channel region, in summer; from 7.84 to 94.12% in the Mediterranean region and 0 to 100% in the Atlantic region, in winter). A plateau started to be reached around about 2 km (Figure 3 ). At this distance, 90.43% of turtles were exposed to debris in summer and 66.67% in winter in the Mediterranean region, 87.83% in summer and 62.65% in winter in the Atlantic region and 91.67% in summer in the Channel region (Table 2) .
High density of debris surrounding turtle individuals
The observed mean number of items of debris increased globally constantly without saturation up to the maximum evaluated distance (10 km), regardless of the season or the region (Figure 3 ).
The number of debris items surrounding turtles was very high in summer compared to winter, particularly in the Mediterranean region. The mean observed number of debris items per turtle reached 88.48 in the Mediterranean region in summer (with a minimum of 0.12 on average at a radius of 50 m) and 29.1 (minimum 0.23 at 50 m) in winter. In the Atlantic region, turtles had 0.12 (at 50 m) to 45.19 items of debris at 10 km on average in summer, and 0 to 4.62 in winter. In the Channel region (summer), they had 0 to 18.42 items of debris at 50 m and 10 km respectively.
Higher exposure than expected by chance
Turtles were more exposed to debris than expected by chance alone at all the tested distances (Appendix 1). The probability of the mean observed exposure to debris being greater than the 
Exposure to debris varies according to species, type of debris and region
Exposure depended both on the region and on the type of debris (F=35,93, p<<0,01), turtles being more exposed to debris in the Mediterranean (40,2 ±80,24 items within a 10 km radius) than in the two other regions (respectively 20,77 ±40,07 and 9,21 ±13,48 items in the Atlantic and the Channel regions) and much more to macrodebris than to fishing debris (respectively 71,74 ±91,98 items and 0.28 ±0.73 items on average around a turtle). Considering a 10 km radius around each individual, the Cheloniidae were exposed to as many items than the Dermochelyidae turtles (39.69 ±79.63 and 19.87 ±39.0 debris items; t = 1.2793, p = 0.2 on transformed data), but the first were significantly more exposed to macrodebris than fishing debris compared to the second (79.2 ±97,8
and 38,9 ±48,24 items respectively, t = 5,53, p<<0,01).
Discussion
Assessing sensitive areas from aerial surveys
Our results showed that aerial surveys provide valuable data to assess sensitive areas where sea turtles are exposed to marine debris. The collected data are indeed consistent with the data recorded from sea turtle stranding networks over the same study period. These networks observed mostly the same species, Dermochelyidae (leatherbacks) in the Atlantic front (>75%, data from R.T.M.A.E.
stranding network and the C.E.S.T.M. rescue centre) and Cheloniidae, which appear to be mainly loggerheads in the Mediterranean front (96.6%, R.T.M.M.F. sea turtle network and the CestMed rescue centre Hubert, 2011 and Gambaiani, 2013) , as confirmed by historical bycatches and stranding data over 15 years (Oliver, 2014) . They recorded individual sizes almost consistent with the minimum size observed from the plane (20-30 cm): the straight carapace length of the recovered leatherback individuals measured 100 cm minimum (n = 25) and 17.5 cm for loggerheads (n = 3) in the Atlantic front, and respectively 140 cm (n = 2) and 26.6 cm (n = 65) in the Mediterranean front (Dell'Amico and Gambaiani, 2013).
The collected data also highlight and attest to high pollution levels recorded in the studied waters, especially in the Mediterranean region (Cózar et al. 2015 , Suaria and Aliani, 2015 , Galgani et al., 2000 and Galagni, 2015 . The sailing boat surveys carried out by the NGO EcoOcean Institut in 2006-2008 in the eastern part of the Gulf of Lion showed most of the debris were plastic bags, 15 plastic bottles, plastic jugs, polystyrene and micro-plastics (EcoOcean Institut, unpublished results).
Plastics are therefore the predominant part of debris found in all marine environments, up to 80% (Derraik, 2002 , Barnes et al., 2009 , Andrady, 2011 and Depledge et al., 2013 .
Exposure of sea turtles to marine debris
Spatio-temporal variations in sea turtle and marine debris distributions
The recorded data shows spatio-temporal variations in sea turtle and marine debris abundance and spatial distributions, which underlines two different processes that affect the variations in size, space and time of the sensitive areas.
Overall, the zones located in front of the Gironde estuary and up to the Channel region on the Atlantic side, and from the North-Eastern coast of Corsica towards the area between the Balearic Island and Sardinia in the Mediterranean, constitute preferential occupation areas for sea turtles.
However, their distribution varies substantially between the two observation seasons and it was found that fewer turtles occupied the study regions in winter (Table 1A and Figure 2 ). This may be due to variations in oceanic conditions such as temperature, to which Cheloniid turtles are sensitive (Mansfield and Putman, 2013) , and to variations in the currents which influence the displacement of turtles and their food (Mansfield et al., 2014 and Witherington et al., 2012) .
The presence of debris also varied seasonally, however much more in abundance than in spatial distribution (Table 1B and Figure 2 ). Debris were quite widely disseminated, yet especially concentrated from the Gironde estuary to the South, between the French and Spanish coasts, in the Atlantic region. In the Mediterranean region, accumulation areas form in the Gulf of Lion between Sardinia and the Balearic Islands, and in a patch situated in the North-East of Corsica. Furthermore, debris concentration appeared close to the Gironde and the Rhône estuaries, suggesting that river outflows may play a role, by transporting and pushing away the debris.
Overlapping areas with high exposure rates at the inter and intra-regional scales
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The major sensitive areas, where sea turtles are highly exposed to marine debris, appeared at the regional level, principally one in the Atlantic front, at the centre of the Bay of Biscay, and two in the Mediterranean front, North of Corsica, and between Sardinia and the Balearic Islands. The degree of exposure was very high in the 3 metropolitan French fronts as the perceived probability for turtles to encounter debris (i.e. the probability that debris are located in sea turtle distribution ranges) was at least 0.7 in the Atlantic and around 0.9 in the Channel and the Mediterranean waters.
The location and magnitude of overlapping areas likely depend primarily on environmental features, which influence both debris and turtles' food passive diffusion, such as the major currents (Collignon, et al., 2012 and Galgani, et al., 2013) . Simulations of debris flows highlight an accumulation zone during a few weeks or months close to the Ligurian-Provencal current in the Mediterranean (Mansui et al., 2015) , where a high overlapping area was found.
High exposure levels at the fine spatial scale
The frequency of turtles surrounded by debris increased consistently with the considered radius.
However, already 5 to 10 % of turtles were likely to be in contact with debris at a distance of 50 m, and nearly 100 % were exposed to debris within a radius of only 2 km around them, highlighting that a high exposure already appear at a very small spatial scale. Within a radius of 10 km, which turtles can easily cover in a few hours (Bentivegna, 2002) , individuals had more than 5 observed debris around them in the Atlantic zone and more than 88 in the Mediterranean. This observed density was superior to a theoretical random debris density below 10 km, indicating that turtles select debris areas. Turtles may encounter debris in the convergence current areas either because they are swept away among the passive organisms and debris, or because they actively select these areas where the plankton productivity increases and in which debris also accumulate (Witherington et al., 2012 and Mansui et al. 2015) .
Seasonal variations in exposure to debris
The exposure of sea turtles to debris vary seasonally, greatly increasing in size, location and intensity during summer compared to winter. During this period, the number of both turtles and debris rises considerably (Table 1) . Sea turtles probably follow the warmer waters, while booming human activities related to fishing and tourism increase debris discharges. Indeed, our results show very high debris concentrations in summer, with patches up to 200 items per location in the Atlantic and Channel regions and up to 250 items in the Mediterranean.
Difference between species in exposure to debris and associated risks
Exposure levels are related to species abundance and local debris concentrations. Our results highlight that the loggerhead turtle is more exposed to macrodebris in the Mediterranean than the leatherback turtle in the Atlantic, but it has been shown that they are both very likely to ingest debris (Schuyler et al., 2014 and Nelms et al., 2015) . The loggerhead turtle, as a generalist feeder, may be more prone to ingest debris compared to other species (Bugoni et al., 2001; Tòmas et al., 2001 and Hoarau et al., 2014 , but the jellyfish, a highly preferred prey for leatherbacks, may be easily confounded with plastic bags (Mrosovsky et al., 2009 , Camedda et al., 2014 and Schuyler et al., 2014b . Necropsies and the observations of faeces during the study period confirmed high ingestion rates both in the Atlantic front where 57.1% of leatherbacks (n = 7) had ingested debris and in the Mediterranean front, where no debris was found in 2 necropsied loggerhead turtles, but 11 out of 54 individuals (20.4 %) excreted debris (Dell'Amico and Gambaiani, 2013) . These debris were mostly soft plastics, nylon, lollipop sticks and other kinds of plastics, from a few to several tens of centimetres (Dell'Amico and Gambaiani, 2013) .
An urgent need for further research
As exposure levels are highly correlated with entanglement and ingestion risks (Wilcox et al., 2013 and Schuyler et al., 2015) , the very high exposures of sea turtles to the marine debris observed in the 3 metropolitan French fronts thus involve high danger of contact, entanglement or ingestion.
Moreover, plastic does not degrade but becomes fragmented and persists in the marine environment from decades to centuries, increasing the risk of entanglement or ingestion by marine organisms in time and magnitude (Moore et al., 2001) . The aerial surveys done by the naked eye at 183 m above the sea surface definitively allow the discernment of debris larger than 30 cm, but much smaller debris are obviously also present. Pollution by micro-plastics (< 5 mm) can range from hundreds to hundreds of thousands per square kilometre (Galgani, 2015) . Debris ingestion or entanglement with debris is thus likely to increase in the overlapping areas. As stated in Nelms et al. (2015) 's call for research, investing in research on spatial overlapping areas with debris is crucial, while plastics levels and impacts are constantly increasing . Added to the high risks for sea turtle survival caused by accidental captures (Casale et al., 2010) , plastics are another threat which
is not yet fully documented. It has thus become essential to better identify the areas and intensity of exposure to debris of turtles as well as other marine wildlife.
Aerial surveys are useful to prospect very large spatial scales, even if detection partly depends on factors such as the size, colour and depth of the observed objects. Collecting other data aerially would also be necessary to assess if overlapping areas and the magnitude of exposure to debris are stable and/or if other sensitive areas exist. This approach may be used in other marine regions of the globe to better identify the factors increasing the risks for turtles to be exposed to floating debris.
For this purpose, developing citizen participatory programs and working with professional on-board observers in ferries (Arcangeli et al., 2010) or sailing ships (EcoOcean Institut, pers. comm.) may provide low-cost systematic surveys. Tracking turtles using satellites tags equipped with diving sensors is also important to better describe vertical overlaps with debris (Nelms et al., 2015) .
Combined with simulation models, the empirical collected data could then better allow to account for spatio-temporal variability in sensitive areas, and test both turtle-specific and environmental-specific factors. The differences between oceans and seas, e.g. the influence of tide, may influence the probability of encounter between turtles and debris, and should also be assessed.
The Mediterranean, an almost closed sea, is probably one of the most polluted areas by debris, as much in surface as on the sea floor (Galgani et al., 2000 and Galgani, 2015) . Accurate data and finer simulations should better assess exposure to debris and their impacts in this area, to which particular attention should be paid through further research.
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